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doi:10.1016/j.ejvs.2010.10.002Abstract Objective: A potential issue with the Walking Impairment Questionnaire (WIQ) is
that it is relatively complex. We estimated the number of errors made by patients when
self-completing the WIQ, and assessed the benefit of correcting missing, duplicate or paradox-
ical (i.e., reported lower difficulty for a higher-intensity task) answers.
Design: Prospective non-interventional study.
Materials: All consecutive new patients with claudication over a 3-month period.
Methods: The WIQ was self-completed before patients performed a constant-load treadmill
walking test (maximised to 750 m).
Main outcome measure: We analysed the coefficient of determination of the linear relationship
betweenoverallWIQ score (meanof theavailable subscaleswhenat least two subscales areavail-
able) and treadmill maximal walking distance (MWD), before and after correction of errors.
Results: We studied 73 patients. Thirty-seven questionnaires had to be corrected for one ormore
errors. The coefficient of determination between the overall WIQ score and MWDwas R2Z 0.391
(nZ 56) and R2Z 0.426 (nZ 73) before and after correction, respectively.
Conclusion: Supervision of self-completed WIQs detects errors in almost half of the question-
naires, resulting in amissing overallWIQ score in 23% of cases among uncorrected questionnaires.
The overall WIQ score correlates only moderately with MWD, even after correction.
Clinical Trial Registration: NIH database: NCT01114178.
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Practical Aspects of Completing the WIQ in PAD 105In patients with peripheral artery disease (PAD), exercise-
induced limb ischaemia (claudication) limits walking
capacity. The distance at which claudication forces the
patient to stop walking is referred to as the maximal walking
distance (MWD). Although MWD performed on a treadmill is
considered the gold standard for evaluatingwalking capacity
in patients with PAD,1 many physicians do not have a tread-
mill. Self-reported walking capacity is therefore a widely
used approach for estimating walking capacity. Self-repor-
ted functional capacity can be predicted by the Walking
Impairment Questionnaire (WIQ), which correlates moder-
ately with objective measurements of MWD or changes in
walking capacity.2e6 The WIQ includes subscales for walking
distance and speed and for stair climbing.7 It is widely used
and is validated as a self-administrated tool.5,8,4
The interest in self-completing questionnaires is to avoid
any influence of the physician or nurse on patient
responses, and reduce the time and effort needed from the
medical staff. A potential issue when patients self-
complete the WIQ is its relative complexity. Indeed, to
complete the WIQ, patients need to answer 14 questions:
seven in the walking distance subscale, four in the walking
speed subscale and three in the stair-climbing subscale.
Furthermore, each question has five different ‘difficulty
ratings’ to choose from.
We aimed to evaluate the practical aspects of putting
the WIQ into practice in our medical routine. Specifically,
we counted the number of errors made by the patients
when self-completing the WIQ, and estimated the propor-
tion of resulting missing final WIQ values, which has rarely
been done.7 An additional novel aspect was to assess
whether or not supervising completion of the form with
correction of errors improves the concordance of the WIQ
with objective measurements of MWD.
Material and Methods
Study population
A prospective study was performed on all new patients
referred to our laboratory for treadmill exercise testing.
Treadmill walking tests are used in our department to
objectively assess walking capacity in patients with claudi-
cation. Only patients speaking French or who had never
previously completed the WIQ were included in the present
study. The patients’ characteristics (bodymass and stature),
treatments, smoking habits and medical histories were
retrieved via interview and from available data. Ankle-to-
brachial indices (ABIs) were also measured, unless previous
recordings <3 months old were available and the patient’s
medical condition had not changed since the last recording.
The study received local ethics committee approval and
conforms to the Declaration of Helsinki. Written, informed
consent to participate to the study was obtained from all
patients. The study is accessible on the National Institutes of
Health (NIH) website under reference NCT01114178.
Self-completion of the WIQ
We used the same French version of the WIQ as in a previous
study,3 adapted from Myers et al. (Fig. 1).5 In brief, the WIQmeasures the degree of difficulty in walking and climbing
stairs. All answers are scored from 0 to 4 (4 Z none,
3 Z slight, 2 Z some, 1 Z much difficulty and 0 Z unable
to do). Patients were provided a blue or black pen by the
admission desk to self-complete the WIQ at arrival in the
department. They were given approximately 10 min to
complete the questionnaire, but, if necessary, additional
time was provided. Patients were asked to do their best to
complete the questionnaire without medical support or
supervision, respond to all questions and tick only one box
per answer. Thereafter, the pen and questionnaire were
collected by a technician.
Alterations to the self-completed WIQ
Due to the well-known inverse relationship between
walking speed and MWD in patients with PAD, answers
showing lower levels of difficulty for higher distance
(distance subscale), speed (speed subscale) or number of
stairs climbed (climbing-stair subscale) were considered
‘paradoxical answers’. Duplicate answers were defined as
two or more boxes ticked for the same question. The self-
completed questionnaire was checked by a trained nurse
for missing, duplicate or paradoxical answers before the
patient was admitted to the exercise-test room. When
necessary, missing, duplicate or paradoxical answers were
discussed with the patient and modified or completed with
a red pen using the following rules and order:
* For each missing answer, the patient was asked to explain
the reason for this. If the question was skipped acci-
dentally, the patient was asked to complete the missing
question. If the reason was, “I never perform such a task”
the patient was asked to assume what would be the
answer if he/she ever had to perform that task. If the
patient was still unable to answer, or declared to never
perform the task, the task was coded ‘unable to do’.
) For duplicate answers to a question, the patient was
asked to choose one of their initial responses. If unable to
choose, the higher level of difficulty was arbitrarily kept.
) For paradoxical answers within a subscale, a discussion
between the patient and the nurse underlined the fact
that the answerswithin a subscalewereexpected to follow
a logical orderwith unchanged or increasing difficultywith
increase in task level (speed, distance or number of stairs).
The patient was provided with the red pen and allowed to
modify the initial answers. The questionnaireswere stored
separately from patient’s files and blindly analysed.Measurement of usual walking speed
Once the questionnaires were collected and corrected, the
patients were asked to walk to the test room at their usual
speed. The technician or nurse walked slightly behind the
patient so as not influence their usual walking speed. The
two rooms are approximately 19 m apart, and between
them are two white lines on the floor separated by 10 m.
The time taken to walk between these lines was recorded
with a stopwatch to allow calculation of the patient’s usual
10-m walking speed.
Figure 1 English translation of the French version of the WIQ used in the present study.
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The tests were performed by a physician who was not aware
of the WIQ answers. We used a 10% slope and 3.2 km h1speed. The speed was reached within 1 min to allow for the
patient’s adaptation to treadmill walking. Prior to starting,
patients were informed that the test could be stopped on
their request at any timewhen their symptoms force them to
Practical Aspects of Completing the WIQ in PAD 107stop (and not when claudication first occurs). For technical
reasons, in the absence of symptoms or in the case of non-
limiting symptoms, we fixed the maximum duration of
treadmill exercise to 15 min (w750 m), as we previously
showed that only 7.5% of patients who reach this distance
would stop within the next 250 m.9 Treadmill MWD was
recorded for each patient.
Data collection and analysis
A first score was performed using original answers (black or
blue answers only). Indeed, the presence of some errors
does not always prevent the calculation of the WIQ score. In
this analysis, the highest difficulty rating of duplicate
answers was kept for analysis; if >50% of the subscale items
were coded as “Don’t do for other reasons”, the subscale
was coded as missing;7 when >50% of items were available
within a subscale, the score for this subscale was calculated
as the sum of the values obtained for each available
question divided by the total possible sum for the available
questions only; each sub-scale score was expressed as
a percentage of the maximum possible score; and, the
overall WIQ score was calculated when scores for at least
two subscales were available and as the mean of the
available two or three sub-scale scores. The percentage of
incomplete, duplicate or paradoxical answers was noted.
A second scoring was performed after correction of the
WIQ. The score was calculated according to an earlier
description.4 In brief, for each question, a value is obtained
by multiplication of each degree of difficulty by a pre-
defined number for each of the different proposed
distances, speeds or stairs climbed. Within each subscale,
the sum of the values obtained for each question is divided
by the highest possible score, which is 14 080, 46 and 288
for distance, speed and stair climbing, respectively. The
sub-scale scores are then multiplied by 100 to give the
percentage (of maximum) values. The overall WIQ score is
the mean value of the three sub-scale scores (i.e. (distance
score þ speed score þ stair-climbing score)/3).
Usual walking speed and MWD are reported as median
(25the75th percentiles). The concordance of these vari-
ables with the WIQ scores was assessed using linear
regression analysis. The coefficient of determination (R2)
was reported for the distance- and overall WIQ scores with
treadmill MWD and the speed- and overall WIQ scores with
usual 10-m walking speed, before and after correction of
the questionnaire, respectively.
Statistical analyses were performed using Statistical
Package for Social Sciences (SPSS) version 15.0. For all
tests, a two-tailed P < 0.05 was used to indicate statisticalTable 1 Coefficients of determination (R2) between WIQ scores
walking speed. N-values indicate the number of available results
Questionnaires
Non-corrected
Distance WIQ subscale vs. MWD 0.252 (n Z 56)
Overall WIQ vs. MWD 0.391 (n Z 56)
Speed-WIQ subscale vs. 10-m speed 0.295 (n Z 58)
Overall WIQ vs. 10-m speed 0.248 (n Z 56)significance. Data are expressed as mean  SD, unless
otherwise stated. A minimum of 62 observations was
required to estimate the proportion of questionnaires with
error with an absolute precision of 12.5% for the determi-
nation of the 95% confidence intervals and with a Z 0.05
and 80% power. For practical reasons, due to the usual
activity of the department (i.e., the number of patients
referred to the laboratory each month), we decided to
include all new consecutive patients referred over
a 3-month period starting from January 2010.
Results
None of the eligible patients refused to participate or had
to be excluded. We recruited 73 patients, 58 of which were
males. The age, stature and body mass of the whole cohort
was 59  12 years, 169  8 cm and 76  14 kg, respectively.
Thirteen (17.8%) patients were diabetic. Twelve had never
smoked, and 25 and 36 were active and former smokers,
respectively. All patients reported exercise-related unilat-
eral or bilateral claudication for at least 3 months. Mean
ABI was 0.77  0.22 (n Z 72, one ABI value missing due to
cutaneous lesions on both ankles). Of the whole cohort, 56
(77%) received anti-platelet drugs or anticoagulants, 42
(58%) cholesterol-lowering agents, 41 (56%) anti-hyperten-
sive drugs and 26 (36%) beta-blockers.
Accounting for all possible errors, 37 of the 73 ques-
tionnaires (50.6%; confidence interval 39.1e62.1%) had to
be corrected for missing (n Z 23, 24 and 24), duplicate
(n Z 3, 0 and 1) or paradoxical (n Z 5, 6 and 1) answers
within the distance, speed and stair-climbing subscales,
respectively. As shown in Table 1, the overall WIQ score
(that requires that at least two subscales scores are avail-
able) could only be obtained in 56 of the 73 patients (77%).
The distributions of MWD and usual 10-m walking speed
did not follow a Gaussian distribution (KolmogoroveSmirnov
test: P < 0.05 for both variables). Median (25e75 percen-
tiles) MWD and 10-m speed were 171 m (109e376) and
4.0 km h1 (3.5e4.1), respectively. As shown in Table 1,
although coefficients of determination tended to increase
after correction (except for the speed-WIQ subscale with
the 10-m speed), none of these differences were statisti-
cally significant. Fig. 2 shows the relationship between the
overall WIQ score and MWD before and after correction.
Discussion
The WIQ allows for the estimation of self-reported walking
capacity, and is an interesting tool for standardising theand treadmill MWD and between WIQ scores and usual 10-m
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Figure 2 Relationship between the overall WIQ score and
treadmill MWD before (upper panel) and after (middle panel)
correction in the same 56 patients. The lower panel shows the
patients of the middle panel (open squares) and the other 17
patients (closed squares). The regression line is for all 73
patients.
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quite complex, with 14 questions and each having five
possible answers (i.e., 70 boxes).Whenputting it into clinical
practice, over half of the questionnaires needed alteration in
at least one of the items. As described previously,7 if more
than half of the sub-scale items were coded as “Don’t do for
other reasons”, the subscale was coded as missing. In the
study of Coyne et al., from the 60 patients whowere studied,
10% of values were missing for the distance subscale, 13% for
the speed subscale and 23% for the stair-climbing subscale.7
Unfortunately, the total number of questionnaires that
needed alteration within at least one subscale was not
reported, but was probably lower than 46%, as one patient
could have had multiple missing subscales. Coyne et al.
explained that the participants reported “Don’t do for other
reasons” as the cause ofmost of the errors found in their self-completed WIQs.7 The proportion of missing values for the
stair-climbing subscale observed in our study was close to
that previously reported and likely results due to our
patient’s lifestyle; however, the reason for missing answers
was not assessed in the present study. Of importance is the
fact that we checked the self-completed WIQs for duplicate
and paradoxical answers and not only missing answers. This
was apparently not done in previous studies and likely
explains the high proportion of altered questionnaires (51%)
and missing overall WIQ scores (23%) of the present study.
Whether errors are due to the questionnaire being insuffi-
cient to reflect the diversity of real-life situations, or to the
patients’ inadequate answering is an interesting issue.
Indeed, a missing answer can result from the patient not
understanding or accidentally skipping the question. In both
cases, these could be argued to represent patient or ques-
tionnaire errors. Duplicate answers can result from the
patient having various difficulties in various clinical circum-
stances or experiencing different difficulties, even in a single
period of walking10 (‘questionnaire error’), or from the
patient answering that their capacity is quite constant but
“somewhere between the two proposed values” (patient
error Z patient not strictly following the recommendation
for completing the questionnaire). Paradoxical answers are
more likely to result from patient error (as increasing diffi-
culty is expected with increasing task level). Nevertheless,
there are few clinical situations, such as popliteal entrap-
ment syndrome, where paradoxical claudication may occur
with a higher difficulty at walking than at running; then,
a ‘questionnaire error’ might also occur. No patient with
popliteal entrapment syndrome was included in our group.
As over half of the WIQs had to be modified after
supervision, the second question of interest is to know
whether, apart from increasing the number of available
results, supervision improves the relationship of the
scores obtained with objectively measured functional
capacity. In other words, if supervision was to be done in
large-scale studies, is it worth the time and effort?
Probably not! Supervision of patients’ answers by a nurse
or a physician after self-completion is time consuming. It
does improve the number of available overall WIQ scores
but does not dramatically improve concordance with
treadmill MWD.
Several studies have focussed on the correlation of WIQ
scores to MWD.3e5 We previously reported a correlation
coefficient of rZ 0.53 (0.13e0.77) between the WIQ score
and MWD assessed using a constant-load treadmill test
comparable to the one used in the present study.3 In
another study, Spearman rank correlation coefficients (rho)
between the WIQ distance score and the 6-min walk
performance were 0.557 among 145 patients with PAD
(P < 0.001) and 0.484 among 65 patients without PAD
(P < 0.001).4 Other studies have reported Pearson’s
correlation coefficients ranging between 0.33 and 0.52 for
WIQ distance score and MWD.5 The coefficients of deter-
mination calculated for these studies, which describe how
well the regression line approximates the real data points,
are very low, ranging between 0.10 and 0.35. In the present
study, although the correlation of uncorrected overall WIQ
score to MWD was higher than previously observed, it
appears almost unchanged after correction and remains
only moderate.
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correlation of MWD with the WIQ scores, conflicting results
are found for the correlation of WIQ with the usual speed of
patients. According to Myers et al., the WIQ speed subscales
did not correlate with the self-selected pace, as determined
by adjustment of treadmill speed by the patient until it
matched his/her typical pace (n Z 48, r Z 0.08; non-
significant).5 By contrast, the correlation coefficients
between WIQ speed score and usual 4-m walking speed were
reported to be 0.528 among patients with PAD and 0.524
among patients without PAD (both P < 0.001).4 Although
increasing the distance over which speed was measured
(here, 10 m instead of 4 m) was expected to increase the
precision of speed calculation, the correlation observed in
our group is in the range of that previously reported by
McDermott et al.4 Is the relatively low concordance between
MWD and WIQ scores a major issue precluding the use of
questionnaires (specifically, the WIQ) in clinical practice?
Probably not. It should be taken into consideration that the
WIQ is not meant to be an alternative for a treadmill test
(which is an objective measurement), but rather as
a subjective evaluation of the physical impairment as
perceived by the patient. Then, what is to be done when the
WIQ cannot be scored after self-completion? First, another
shorter and simpler questionnaire might reduce the number
of missing scores. Second, it might be better to ask how long
the patient canwalk rather than how far, sincemost patients
have awatch. Last, another possible approach is to study the
walking impairment through some usual daily-life situations
(number of stops required to walk to the post office or to the
closest bar, ability to reach the medical office from the
parking lot without stopping, etc.).
There are some limitations to the present study. The
population studied might not be representative of patients,
who might enter a study of arterial claudication. Specifi-
cally, a high proportion of our patients are referred for
proximal claudication. This might limit the generalisation
of our results. The second point is that we did not study
ethnic influence on the answers. In fact, the large majority
of our consultants are Caucasian and local natives. For
ethical reasons, we included no question dealing with
ethnic origin. Last, it could be suggested that previous
experience of completing a specific questionnaire might
decrease the number of errors a patient makes when
resubmitted to the same questionnaire. This could be of
interest in areas where questionnaires are frequently used.
The specific interest of the present study is that the
patients included had never previously completed the WIQ,
as to the best of our knowledge, no other laboratory or
vascular physician in our area uses this questionnaire. This
allowed us to study the intrinsic properties of the ques-
tionnaire but does not preclude that the rate of errors
might be lower in other countries.
Conclusion
Self-completion of the WIQ by the patient results in a high
rate of errors. To our opinion, a simpler version of the WIQ
(e.g., reducing the number of questions) or a new simpler
questionnaire is needed to facilitate self-reported estima-
tion of functional capacity in PAD patients.Conflict of Interest
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